This work reports the successful outcomes to process the polyester, acrylic and wool fiber along with jute fiber exclusively using existing jute processing machineries for manufacturing the 241 tex jute blended yarn. The blending was performed at feeding stage of breaker carding machine and blending ratio of jute and polyester/acrylic/wool fibers is 80:20. Manufacturing of jute blended yarns will create a new opportunity for extending the uses of jute fibers in value added jute products. The present work is concerned with the investigation of physical properties such as tenacity, elongation % at break, quality ratio, unevenness, imperfections ( 
Introduction
Jute is a natural fiber popularly known as the golden fiber. It is one of the cheapest and the strongest of all natural fibers and is considered as fiber of the future [1] . Traditionally jute fiber has been used to manufacture the packaging materials like hessian, sacking, ropes, twines and home textiles as carpet, carpet backing cloth etc. [2] . In order to overcome the declining market of these conventional products of jute, new technologies and diversification have been evolved for bulk use of jute, as a raw material in the production of high value added and price competitive intermediaries or final products. Previous work reveals that some innovative new products have been developed with high value-addition such as home textiles, jute composites, jute geo-textiles, paper pulp, technical textiles, chemical products, handicrafts and fashion accessories etc. These products for new, alternative and non-traditional use of jute are generally termed as diversified jute products. Diversified use of jute fiber can redeem the lost glory of it. Recently, due to the improvement of people's living standards and need for environmental protection, the demand of natural biodegradable and eco-friendly fibers is rising worldwide day by day [3] [4] . The increased demand of natural fiber is due to their low cost, low density, biodegradability, renewability and abundance [5] [6] . So, the researchers are trying to diversify the uses of jute fiber.
The process of converting fibers into yarn is complex and requires many investigations and technical and technological solution [7] . Though, in case of jute blended yarn on existing jute spinning system is not understood thoroughly, a few reports [8] [9] are available on tensile properties. Nawaz, S.H. et al. [8] investigated the spinning performance for rotating ratios of jute/cotton, jute/viscose and jute/polyester blends to improve the tensile behavior of composites structures, fabricated at ring, rotor and air-jet spinning system. Sett S.K et al. [9] studied the influence of jute/viscose blending ratio on rotor and friction spun yarn properties and revealed that an increase in percentage of jute in blended yarns recorded a decrease, both in its tensile strength as well as elongation, while it helped to obtain an improved initial modulus.
The present work discovers a new concept & technique for blending the jute with other fibers like polyester, acrylic, wool etc. to manufacture the novelty yarn using existing jute processing machineries. The objective of this experiment is to produce the jute blended yarns that will be used as value added product for home textiles, decorative fabrics, handicrafts, geotextiles, carpet backing cloth, shopping bags etc. Effective blending provides a better scope for utilizing the advantage of the intrinsic properties of the component fibers and performs mainly to endow the required characteristics to the end products, compensates for variation in the characteristics of the raw materials and to hold down raw material cost [10] . The physical and other properties of the manufactured blended yarn are investigated in order to know the quality. Physical properties of yarn are very important for post-spinning operations as well as for determining some final fabric characteristics. This study will be helpful as a guide line for jute enterprises to manufacture the jute blended yarn.
Experimental
Bangla white B (BWB) jute fibers were selected for blending with polyester/acrylic/wool fibers to carry out the present experiment. Physical properties of the jute, polyester, acrylic and wool fibers are provided in Table 1 . Fiber fineness was measured by fiber fineness meter and tenacity & breaking extension (%) were evaluated by Pressley fiber bundle strength tester. 100% BWB jute fibers were processing as usual practice for manufacturing the 100% jute yarn. The processing stages of usual practice are softening & lubricating by softener machine, conditioning, carding by breaker & finisher card, drawing by 1st, 2nd, & 3rd draw frame and finally spinning by slip draft machine. On the other hand for manufacturing the blended yarn, the conditioned jute fibers were blended with other fiber manually at the feed lattice of the breaker carding machine. It is to be mentioned here that acrylic/polyester/wool fibers were opened by Hopper feeder machine before mixing with jute fibers during feeding in the feed lattice of breaker carding machine. The delivered slivers of breaker card were processing by finisher carding machine. The finisher card slivers were followed by three drawing process for better fiber straightening and parallelization. After finisher drawing, the slivers were fed to the flyer spinning machine to produce the required yarn count. The machineries were run at normal adjustment. Four types of yarn e.g. 100% jute, jute-polyester, jute-acrylic, jute-wool were manufactured at normal adjustment of parameters.
Processing Stages

Softening & lubricating:
The softener machine consists of 64 pairs of rollers and these are spirally fluted and jute goes through them. When the jute passes one third of the rollers then the emulsion is added with spray. The jute fiber is on to the delivery sheet through delivery roller. It was manufactured by James Mackie & Sons Lt. Ireland and its pair rollers were manufactured by Gidding & Lewis Ltd., Scotland. Conditioning: After softening and lubricating the jute fibers, it was conditioned (piling) for 24 hours. Carding: The object of carding is to break down the strikes of jute and convert them into a continuous sliver of suitable weight per unit length [11] . In breaker card machine, soft jute fibers after piling was feed by hand and selected other (polyester/acrylic/wool) fibers was spreading over the jute fibers for blending in the feed lattice at suitable weight. The machine by action with different rollers turns out raw jute blended materials in the form of sliver for finisher carding. It was manufactured by James Mackie & Sons Lt., Ireland. Jute-polyester breaker card sliver is shown in Figure 1 . Finisher carding machine made the sliver more uniform and regular in length and weight from the breaker carding machine. Finisher card machine is identical to the breaker card, having more pair of rollers, staves, pinning arrangement and speed. 10 slivers obtained from breaker card machine were fed on the finisher card machine. Delivery sliver weight of finisher card was 17.50 lbs/100 yards.
Drawing: Drawing is the process for reducing sliver weight per length by simultaneously mixing of sliver together. It makes the sliver light and more uniform by parallelization of the cress-cross fibers [12] [13] . The three drawing process was used. The slivers obtained from the finisher carding machine were fed with two slivers on to the first drawing machine. Two doublings were used for processing the jute blended materials. This machine includes delivery roller, pressing roller, retaining roller, faller screw sliders, check spring, back spring, crimpling box etc. The second drawing machine obtains the sliver from first drawing machine and uses doubling 3:1. It makes more uniform sliver and reduce the weight per unit length into suitable size for third drawing. Third drawing machine uses the slivers of second drawing machine and 2:1 doubling were maintained in this machine. The manufacture company of the drawing machines is James Mackie & Sons Lt., Ireland.
Spinning: Spinning is the process for producing yarn from sliver obtained from third drawing sliver. In spinning process slivers are elongated and fibers are twisted into yarn to impart strength [14] . In this experiment, slip draft flyer spinning machine manufactured by James Mackie & Sons Lt., Ireland was used for making yarn. This machine is widely used in Bangladesh jute mills.
Tensile Properties
The maximum force applied on a yarn to break it is called tensile strength [15] . Single yarn strength tester was used for measuring the tensile strength and breaking elongation. The tensile properties of yarn are accepted as one of the most important parameters for assessment of yarn quality. The tensile properties decide the performance of post spinning operations; warping, weaving and knitting and the properties of the final textile structure; hence its accurate technical evaluation carries much importance in industrial applications [16] [17] . Tenacity, tensile strength, elongation, and quality ratio are important measuring parameters of tensile properties of yarn. The tenacity value is the ratio of tensile strength (gm) of single yarn and linear density (tex). Tenacity value of yarn was calculated by using the following formula:
Tensile strength gm Tenacity gm/tex Linear density tex =
Quality ratio (QR%) is the ratio between tensile strength and linear density of the yarn expressed as percentage [18] [19] . QR% was calculated by using the following formula:
Tensile strength lbs Quality ratio % 100 Linear density lbs/spyndle = × (2)
Evenness Properties
Uster Tester 5 (UT-5) was used to investigate the evenness, imperfection (IPI) and surface integrity properties of jute blended yarn. This machine applies the capacitive method [20] . Speed of the machine was 50 m/minute during testing. One minute was needed to complete the one test. The observed parameters were Um%, CVm%, thin (−50%), thick (+50%), neps (+200%), neps (+280%) & hairiness of the jute blended yarn. Imperfections means the sum of thin (−50%), thick (+50%) and neps (+200%) [21] [22]. The sensor for measuring the evenness of yarn was a capacitive measuring sensor. A high-frequency electric field was generated in the sensor slot between a pair of capacitor plates. If the mass between the capacitor plates changes, the electrical signal is altered and out signal of the sensor changes accordingly [23] . The result was an electrical signal variation proportional to the mass variation of the test material passing through. The analog signal was then converted into a digital, stored and processed directly by the UT-5 computer.
In case of measuring the tensile and evenness properties of the yarn, the average of 10 readings was taken for each experiment.
Results and Discussion
Polyester, acrylic and wool fibers were selected for blending with jute fibers separately. Selected fibers were blended at the feeding stage of breaker carding machine. Jute blended yarns were manufactured using optimum processing parameters of the usual jute processing equipments. Jute fibers were blended with selected fibers at 80:20 ratios. Tensile properties of manufactured 241 tex jute blended yarns are given in Table 2 and evenness properties in Table 3 . The results reveal that jute blended yarn shows higher tenacity, higher quality ratio comparing to 100% jute yarn while CV% of tensile strength also are reducing.
Tenacity of jute-polyester blended yarn is increased by 24.59% compare to 100% jute yarn. The causes of this reason will be explained as number of fiber in yarn cross-section. When number of fibers will increase in same diameter of yarn, strength will be increased. Polyester, acrylic, wool are more fine fiber compare to jute fiber.
Appearance and surface integrity of yarn are related to fabric properties. Appearance integrity (consistency) is the most used characterization of spun yarns. All spinners aim at producing yarns of high appearance; that is low unevenness value, minimum thick & thin places and minimum neps. The surface integrity includes hairiness, surface structure, diameter and shape (roundness) of the yarn. So, evenness properties are also measured and presented in Table 2 . Appearance and surface properties of 241 tex jute blended yarn are more better compare to 100% jute yarn. Um% (unevenness) value is the highest in 100% jute yarn i.e. 100% jute yarn is very uneven compare to others. Thin, thick and neps places in the yarn are comparatively less in jute-polyester (J/P), compare to jute-acrylic (J/A), jute-wool (J/W) blended yarn. Jute-polyester blended yarn showed the better appearance and surface properties compare to other blended yarns.
Conclusion
The results in this experiment demonstrated the successful outcome to attempt for manufacturing the 241 tex jute-polyester, jute-acrylic and jute-wool blended yarn using conventional jute processing equipments at mixing ratio 80:20. Jute blended yarns showed the better quality in terms of physical and evenness properties comparing with 100% jute yarn. Among the mentioned three jute blended yarns, jute-polyester blended yarn showed higher tenacity and better evenness properties. The results showed that the tenacity and quality ratio of jute-polyester blended yarn was 15 
